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I,- PURPOSE

The purpose of this work is Lo conduct investigations which will lead to

the development of reliable, production-feasible magnesiuM/magnesium perchlorate

batteries; to carry on research and development on the use of magnesium perchlorate

as an electrolyte; toward determining the applicability of the system in military

field use.

The investigations should provide practical design information which can

be used for future battery development.

- 24 -



It. ABSTRACT

This abstract describes the significant accomplishments made on the re-

search and development of magnesium/magnesium perchlorate batteries during the

past three months.

Efficiency has been improved by the addition of lithium chromate to the

magnesium perchlorate. Studies have indicated that the addition of one gram of

lithium chromate per 100 ml of electrolyte will increase the anode efficiency in

the range of five to fifteen percent.

Conductivity studies were carried out and studies indicated that four

normal magnesium perchlorate is the most applicable to use. Data has also indi-

cated the higner the normality of electrolyte, the lower the resi3tance.

Effort has been directed during the quarter to perfect a magnesium/mag-

nesium perchlorate battery which would meet the requirements of the AN/PRC-62 spec-

ification, when discharged over a tenperature range of -430F to +1150F. The pro-

gram wab directed toward attaining the optimum performance at -0 0F with the mini-

mum numb c of cells per battery. After this was completed, two units were con-

structed and discharged at +7TWF anI +125 0 F.

Research k- relation to positive and negative material was continued to

reduce the cost of the battery and to keep its efficiency and reliability.

The AN/PRC-25 application was studied. The same problems that existed

with the AN/1RC-62 application were found to exist in regard to this application.

Toiard the end of the quarcer, research and development wes launched to

meet the the specifications of the PPS-5 application.

-- 25 -



III, REFERENCES AND CONFERENCES

A conference was held at Fort 11onmouth on 27 October W/:.. USAEL was re-

presented by Hr. N. T. Wilburn, Dr. A. Fischbach, and others. Eagle-Picher was re-

presented by liessrs. E. 11. Morse and E. B. Cupp. A discussion of the efforts to

date and future e.forts directed toward the three specific applications occurred.

It was decided that -40OF was a more practical temperature for the low temperature

operation than the -65*F previously specified. In general, it uas felt that the

project was progressing satisfactorily at this time.

- 23 -



IV. INTRODUCTION

The general purpose and objectives of the present cont,:act are fully out-

lined under thn "Purpose" section of this report.

Although the original purpose and objectives permit a wide selection of

basic components such as cathode materials, electrolyte golutes and anodes, the

requirements and problems solved during this quarter oL th- .vuncract have not nec-

essitated utilizing all the possibilities. However, efforts have been carried out

in a preliminary way to screen potential components to make certain the most use-

ful would be the subject of detailed examination. The overall effort was planned

and was generally followed along the outline below:

(1) equipment and techniques,

(2) electrolyte study,

(3) negative corrosion,

(4) overall batte:-y test.

There may be variations within the report of this outline; however, this

is an overall general outline which Lhe report atteopts to follow.

- 27 -



7. FACTUAL DATA AND DISCUSSION

A. Equp-ment and Techniques

Efforts directed toward establishing production techniques for producing

batteries for the chree field applications have consisted o2 refinements in the

nethod of prepa:ing the positive plates.

The vacuun-pasting process as described in the First Quarterly Report

4as modified during this work period. The process as described in the previous

report consisted oC depositiag a batch of active material onto a filter paper, re-

noving the excess water by vac-',um and then pressing the material onto a grid. The

nodified prrnes3 consisted of a continuous feed of a dense active material slurry

3nto the grid from a hopper. The thickness of the material is controlled by a

gauged cutoff and the speed at which the grid moves under the hopper feed. Upon

moving by Lhe hoeler, the pasted grid moves over a vacuum table where the excess

moisture is :eruoved. The continuous strip then passes through a set of rolls for

:)ressing and sizit• anI then into a drying oven.

The equi•mnent for a continuous operation of this sort has not been ac-

quired. The ope:acion hps been used, however, utilizing equipment on hand and

woving the materials by hand.

Plates manufactured by this method have been tested and found to compare

very favorably wyith those produced by the batch process described in the previous

report.

B. (ell anc Battery Construclion

There have been no notable changes in the cell construction techniques.

I. Battery Construction

a. Anodes

The anodes used consisted of AZ31B magnesium 0.014 inch thick with an

apparint density of 23.6 grams per cubic inch.

- 28 -



b. Cathodes

MaJor enphasis during the quarter was placed on battery refinement; there-

fore, it was apparent that a larger batch of cathodic material was desirable. The

blend size was increased from 300 grams to 1200 grams per batch. Thin material was

blended by mil'.ing for eight hours in an 3.5 inch diameter ball mill using 60 por-

celain balls. The cathodes were then fabricated using the vacuum deposition tech-

nique and placed on 4/"" expanded, .0)5 inch thickness silver grid at 1.35 grams per

square inch. Following this operation, the plaques were pressed to an apparent

density of 50-55 grams per cubic inch and dried. This material appeared to be uni-

formly blended and pasted excellent, requiring approximately 90 seconds for pasting

each plaque. The A-4 formula used in the construction of these units was as fol-

lows:

Mercuric Oxide (Yellow) . . . . 847.
Carbon . . . & . . . . . . * . 107.
Divalent Silver-Oxide . , . . . 47.
Carboxymethylcellulose. . . * 1.57.
Solka-Flox 0. . . . . . . . . 0.5%

c. Separation

The cell separator used in all units was 0.004 inch thickness filter

paper. This material has proven reiiable for this electrochemical system.

d. Cell Cases and Electrolyte Reservoir

Cell groups were assembled in the Y-4 cell case with the following in-

side dimensions:

Height . . . . . . . . . . . . 2.731 inches
Width 8.12 inches
Length . . . . . . . . . . . . 0.656 inch

As a reservoir for storage of the mrgnesium perchlorate, the abovP cell cass height

was reduced to 1.. taches. This case was cemented as a cover to the standsrd cell

case. As it became apparent that a 5.5 normal electrolyte concentration was not

essential, the reservoir height was doi;re.sed to 1.137 inches which yielded an

- 29 -



overall cell height of 6.02 inches, Lacluding the vent plug.

e. Terminals and Ince:.cell Connectors

To conserve weight and to decrease the battery cost, threaded terminals

tierp deleted in the construction of batteries 14AP-2014-3 through 7. Silver wire

lugs were countersunk into the cell case with a heating iron. The seal was se-

cured by a coating of epoxy cement. A piece of .040 inch diameter silver wire was

used to replace the heavier connector bar used in the construction of the first

units.

The standard cell described above has been found to meet the require-

ments of 'both the AN/PRC-62 and AN/PRC-25 applications. Efforts to meet the PPS-5

applicacion have required a larger (120 ampere-hour) cell design. The cell con-

struction for this application has been scaled up from the smaller cells with no

real changes tin, techniques.

C. Electrolyte

Early cells tested at -65*F reported in the First Quarterly Report had

indicated the desir~ability of using -..5 to G.0 normal Mg (CO0) 2 solution as elec-

trolyte in the Hg0/lIg system. Studies conducted during this quarter: between the

temperatures of -40 0 F and +125 0 F, however, have indicated 4.0 normal electrolyte

to be adequate or even desirable.

During the past work period, a comparison of the electrical resistance

of various concentrations of Ig(C1,4)2 in water were made. These measurements

were made by imm•ersing two simple sheet niclkel electrodes into the solutions and

passing 10,0C0 cycle A.C. current through the solution between the electrodes,

and measuring the voltage drop across the electrodes. The results of these mea-

surements are shoxm in Figure No. 0.

An analysis of the data from the freezing point curve and the heat of

reaction indicated that concentrations lower than 4 normal might be used if the
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batteries were insulated to prevent heat loss at -40 0 F. Lower electrolyte normali-

ties are desirable from the standpoint of lower cost, weight and total battery vol-

ume. However, the results of battery tests at -40°F comparing 4 N, 3 N, and 2 N

electrolyte indicated that more is lost than gained by reducing the electrolyte

concentration below 4 N. The results of these battery tests are shown in Figure

Nos. 16 and 17 and are described in detail in the test section o' this report.

D. Anode Corrosion Study

Efforts to extend the activated storage time, reduce the gassing rate and

acquire 6ood perfornance under low rate, long life operation, necessitated a study

directed toward reducing the anode corrosion rate. Certain magnesium alloys were

eliminated from further study during the past quarter due to their rapid rate of

corrosion (Quarterly Report No. I).

It was determined that the best possible alloy for use in this system was

either AZ-21 or A7-31. The difficulty in procuring AZ-21 in the size and thickness

re 4 uired has prohibited its use; therefore, the studies reported herein compare the

characteristics of AZ-31 magnesium with pure sheet magnesium. U

A study was initiated to neasure the rate of no-load corrosion of AZ-31 I

alloy, the material selected for use, as compared to pure ragnesium. The effects

of certain additives to the electrolyte upon corrosion rate were also measured.

The test mnethod consisted of collecting the gas displaced as the mag-

nesium was ox:idize2 and measuring milliters of gas per unit time.

The test samples consisted or a strip o. the metal tesced (1-9/16 in. x

2-1/4 in. x .015 in) in 4 normal electrolyte at )rF. The pure magnesium caused

the evolution of hydrogen at the rate of 5.5 ml/min. as compared to 3.383 ml/min.

for the AZ-31 alloy. The rate of gas evolution for AZ-31 alloy is a cumulative

figure. The initial gassing rate is quite rapid, the rate gradually slowing as

the surface of the alloy becomes coated and passivates. The gassing of pure mag-

nesium appears to be continuous.
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Several additives to the electrolyte were spot-tested as corrosion in-

hibitors. These were:

Li 2 CrO4 CaCrG4 Na2 CrO4

K2 Cr2 07  Na2Cr 2 O7  K2 Cr0,

Of these additives, Li 2CrO4 was found to be the most effective in reducing mag-

nesium corrosion.

As in the previous tests the oxidation rate was meas-Ared as a function

of the H2 displaced by the magnesium. After 72 hours of tesL enough pure magnesiuw

had gone into solution to liberate 20 cc of gas at standaid conditions giving a

gassing rate of approximately 0.4 cc of gas per hour. The AZ-31 magnesium had dis-

placed only 3.5 cc of H2 over a 41-hour period, or 0.085 cc of H2 per hour. One

gram of magnesium is equivalent to 1,366 cc of H2 ; therefore, at the rate of cor-

rosion measured, nearly 22,000 hours would be required to dissolve 1 gram of AZ-31

alloy in the inhibited electrolyte.

Test cells were built up for the An/PRC-62 application and discharged

utilizing the LiUCr0 4 as an inhibitor. Figure Nos. 9 and 10 indicate that the

Li 2Cr04, lengthened the discharge tiwe consid,?rably.

"4
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E. Cathodes

I. Grid Study

During the quarter, an attempt was made to reduce the cost of the bat-

tery. It was decided that cutting down on the cost of the grid wire would slice the

cost of the battery considerably.

Six different types of grid wire were considered and tested:

1. 4/0 ex. Ni Grid
2. 2/0 ex. Ag Grid
3. 4/0 ex. Ag Grid
4. 4/0 ex. Ni Ag flashed
5. 4/0 ex. Cu
6. 4/0 ex. Cu Ag flashed

Data in Figure Nos. II and 12 indicate that 4/0 mesh Ag is the best for

high voltage and performance. However, due to the high cost of silver, a cheaper

material was needed that would maintain voltage and efficiency. Expanded 4/0 nickel

was tested and found to have a wide voltage spread during the initial portion of dis-

charge. Silver plated 4/0 nickel was tested. Silver plated 4/0 nickel maintained a

lower voltage than the 4/0 silver and higher voltage than 4/0 nickel. It was de-

cided that 4/0 nickel, silver plated, would be utilized in the AN/PRC-62 application

due to the lower cost of the nickel, silver plating included, as compared to the high

cost of silver.

Data in Figure Nos. II and 12 reveal a comparative study of the six dii-

ferent types of grid wire. Data indicates that the voltage and efficiency shown by

cells utilizing the 2/0 silver, nickel and copper grids are not sufficient to meet

the AN/PRC-62 application. Powever, since silver plated 4/0 nickel grid is economi-

cal and meets the specifications of the AN/PRC-62 application, it has been chosen as

the desired grid material (4/0 Ni - $1.25/sq. ft, 2/0 Ag - $2.68/sq. Aft, 4/0 Ag $3.10/

sq. ft.).

- 36 -
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F. Battery Testing

1. Eleven Cell Batteries - (-400F Discharge)

une eleven cell unit, S/N MAY-2014-2, was constructed with a sufficient

amount of magnesium perchlorate to yield a 4.0 normal electrolyte. This unit was

conditioned at -40F for 16 hours, activated with +40°F water and discharged at

the AN/PRC-62 specification rate. During discharge the battery was insulated by a

polystyrene case with a wall thickness of 0.5 to 0.75 inch. As reported in the

First Quarterly Report and revealed by Figure No. 13, this unit failed at the high

rate 3 rge after 20.75 hours of discharge yielding 91.47. positive efficiency at

8.91 ampere-hours, or 41 watt-hours per pound. Figure Nos. 14 and 15 display photo-

gr3phs of the battery prior to and after discharge.

2. Twelve Cell Batteries - (-40'F Discharge)

Two twelve cell i-its were constructed and tested in an attempt to attain

a higher discharge voltage and to determine the optiLzi electrolyte concentration

for -40 0 F discharge. One battery, S/N !IAMP-2014-3, was constructed with a sufficient

quantity of magnesium perchlorate to yield a 3.0 normal electrolyte upon activation.

The other unit, S/N IIAR-2014-4, was constructed with a sufficient amount of magnes-

ium perchlorate Lo yield a 2.0 noimnal solution.

These two batteries were conditioned for 16 hours at -!,O3F and activated

"with +40 0F water, The units were discharged in series at the AN/PRC-62 specifica-

tion rates. A polystyrene case as ax>ve was used to insulate these batteries durin•

discharge.

As JisplayeJ by Figure N)s. 16 and 27, the units yielded lower average

voltarc per cell than the previous battery, •F-A,02-2, which was ,ischarged at

-40°F. Battery No. 'AP-2014-3 utilirin,; 3.0 n-rnal electrolyte yielded 8.7 a.Were-

hours capacIty, :r 31.57. positive efficiency after 19.5 hours - operation. while

KP-2014-4 containing 2.0 normal electrolyte yielded 8.46 ampere-hours capacity or

- 39 -



4

Ii, - . -

/

5. �, 4

f .

t *1* I.I I-
I . .

� a.
I C.

r

I - -. -.

- - t
17 4'I .i� . r.

2J �
I

'-I

.�Z �L - '-C C.

�
I.

I .1
-4: 4 ''ta

r '

, t
t I

* '1* �1*I I

b

I
-'C

�1
'a.

�4

( .. (
- . I '

.4

4

-40- 'I



1-4 C%

P*4

- 44

- ,-4

(41



>4-

r-4

42C



S; i~ . i. !i i

,1I , *I t ,;

V .
p " I 4

*... ..:. 
.. 4. ... S .

S... .. g... . .... .. . 7 .. -- h

M.. i ... . .. II. ... . .. : ' • . .. . .... . . . . .. - ... - • - t* I r
* ,.1 - ...~ -.... ... .. -...... .. , -• .. . . . .. i_.. . .. ....... 

.. " ... '" -. ... 1

S .. ."" -- I - . 4 !I' 

I " .. )• ' I

K . . ~ - --



* I -.4 C-4. N~

P-4 -4

0 0

4D--

44



897. positive efficiency after 18.5 hours operation. Both urits displayed approxi-

mately 42 watt-hours per pound. The battery voltage of 1AP-2014-4 declined to 10.5

volts during the high rate surge after 6.5 hours of operetion. Ite battery voltage

of MAP-2014-3, utilizing 3.0 normal electrolyte, decaye(; to 13.2 volts after three

hours of operation. This indicates the minimum electrdlyte concentration for -40*F

discharge is approximately a 3.0 normal solution. Figure Nos. 1G, 19 and 20 dis-

play the batteries prior to and after discharge.

3. Ten Cell Battery - (-430 F Discharwt)

By comparing the discharge voltages and battery efficiencies at -40OF dis-

charge, it appeared that the most satisfactory battery performance would be attalued

with a ten-cell unit utilizing a 4.0 normal electrolyte solution.

One ten-cell unit, MAP-2014, S/N 5, was constructed and conditioned as

previous at -40°F for 16 hours. This battery was activated with +40°F water and

discharged to the AN/PRC-62 specification rates. During the discharge the battery

was insulated with polystyrene as previous. As shown in Figure No. 23, this bat-

tery displayed a more stable voltage than the twelve cell units, yielding 8.75

ampere-hours capacity, or 90.87. positive efficiency. The 43 watt-hours per pound

displayed by this battery, or 1.67 watt-hours per cubic inch, was the highest at-

tained to date at -40*F discharge. Construction of this unit was identical to the

MAP-2014-6 displayed by Figure No. 21. This unit weighed 3.2 pounds activated.

The phy:;ic.,l dimensions were as follows:

Width (inches) . . . . . . 2.0
Length (inches) . . . . . 8.87
Height . . . . . . . . . 4.62

4. Ten-Cell Battery (+73°F Discharge)

One ten-cell battery, 11AP-2014-6, was constructed identically to I1AP-2014-5

which was discharged at -40 0 F. This battery was discharged at the AN/PRC-62 spec-

ification rates. As noted by Figure Nos. 22 and 23, this unit displayed voltage

- 45 -
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md capacity very similar to the -40"'F ten-cell battery when discharged at +783F.

the battery was removed from cycle when the voltage declined to 10.0 volts at the

iigh rate surge after 19 hours operation. This battery yielded C.45 ampere-hours,

3r 41.7 watt-hours per pound. A monitor of the battery temperature indicated the

uaximum temperature was +148 0F. This occurred immediately upon activation while

:hc minimum temperature of +95 0 F occurred approximately 2.5 hours after activation.

lominal operating temperature was approximately +105*F.

5. Ten Cell Battery - (+125 0 F Discharge)

A ten-cell battery, MAP-2014.7, was constructed identical to MAP-2014-5

and 6. This battery was conditioned at +1250F for 16 hours and activated with water

stored at that temperature. To minimize the heat of solution of the magnesium per-

chlorate and still maintain a sufficiently concentrated electrolyte for battery dis-

:harge, each cell of this unit was activated with 35 ml of water instead of 25 ml

normaliy used. This yielded a 2.06 normal electrolyte concentration. A monitor of

the b~ttery temperature throughout the discharge indicated the maximum temperature

of +17401? occurred immediately upon activation while the minimum temperature of

+132 0F occurred approximately 2.5 hours after activation. Nominal battery operating

temperature was approximately +150 0F. As displayed by Figure No. 23, the battery

voltage was approximately the same as that displayed by batteries discharged at

+780 F and -40 0 F. However, the capacity was less. This was attributed to a decrease

in cathode efficiency at the higher temperature. The unit yielded 7.68 ampere-hours

after 17 hcurs o2 operation or 35.2 watt-hours per pound. A comparison of the dis-

charge voltages of the -40OF to +125*F discharges is displayed by Figure Nos. 22

end 23.

6. Ten-Cell Battery -(-40OF Discharge)

A ten-cell battery, MAP Z014-8, was constructed utilizing 4/0 expanded

nickel grid Ag plated, Figure No. 24 shows where MAP-2014-3 discharges at a lower

- 52 -
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voltage as compared to MAP-2014-5. However, the nickel grid battery remains within

specification and is the modular battery for the AN/PRC-62 application.

G. Initiation of the PPS-5 Application

The PPS-5 application was studied and the initial design study was to

build a multiplate type construction of the Eagle-Picher Y-12 "A" cell.

Dimensions of the Eagle-Picher Y-12 are:

Height . .* . . , . . .* , . . • 6.875 tnches
Width . o . . . . . . . . . . . . . . . . . . . . , * . . 5.234 inches
Length . . . . . . . . @ . . . . . , . . . . . , , , . 1.437 inches
Volume, cu. in . . . . . . . . . . . , . . . . . . . 51.7 in 3

This Y-12 construction is modified to fit the application. The element

design was as follows:

Number plates/cell, pos./neg 18/19
Plate size, height/width, in.. e o * o * * 4.25 x 5.0
Pos. plate thickness, in* * * e , e e .o o e o e a . .032
Neg. plate thickness, in. * a * e * a a 9 s o e o * . . # 9015
Type Grid P/N o . . . . . . .f .0 & 0 .@ * e * * 9 .4/0 ex. Ag
Ccitai.ner, type . 9.. e * e e e * . a 9 o o * e e a a EP Y-12, mod-

ified
Inside height, in . . . . . 9 * 9 . # * * . e e o o 4.625, 1.250

electrolyte re-
servoir

Inside width, in. .. . . . @ 9 * e o o a * 5.23
Inside length, in. . 0 * 0 0 9 0 0 0 - 0 . * . & 0 0 0 1.437
Pos. material, gm/sq. in. (including grid) .e e @ e 9 o q 1.75 887. HgO
Pos. formulation:

Hgao . . . . . . . . . . . . . . . . . * a e e e 927.
CN E m gm/sq. i n . . . . . . . . . . .a & a .041gm
Carboni , e . . . .* * e . . . . . . . .# 670m
Fiber . o # . e . * a e o # . . o * e .* a0. e v O 57.2

Neg. material, gm/sq, in. . 0 . 0 a . 0 0 .0 . 0.O41 gin/in2

Pos. material, gin/cell . * o o e * * @ . e . . . 670 gmn.

Neg. material, gm/cell . . . , . . . . . . @. . . . e a e 166 gm.
Theoretical capacity, pos/neg A.H. .0. . . . . . . . . . . 146/365
Pos. material density, gm/cu, in. . . e * o o , * a e 9 * 59
Neg. material density, gm/cu, in. . . . . . . . . a a e e 28.6
CC of H20 per cell . . . . . .o o 9 . . . a .e 260 + 116 gn.

1g(C104) , 2.6
gin. Li CrO 4

Total cell weight . a a a a . 3.54 15 activate
Expected capacity, A..........,...,. . . . 120 A.H. @ 10

amp. to 107 vol-
tage drop
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This cell ran at +75*F for 13 hours at 10 amps with a nominal voltage of

1.67 (Figure No. 25). It was felt that this was a good initial start and the de-

velopment effort will be carried over into the next quarter.

The estimated weight and volume required to meet the PPS-5 application

are as follows:

Four (4) cells at 3.6 lb/cell . . . . . . . . . . . . . . 14.4 lbs.
Height, in. . . . .* * a e 6.0Width, In. a a 0 0 0 . 0 0 0 0. 0 0 0 a .* 0 a 0 0 0 . 5.4

Length, in. . . . . . . . . . . . . . . . . . . . . . .0 6.5
Volume, cu. in, . e -. @ e * # • e @ • a @ e 9 9 # * a * 9210.2
watt-h1ours/lb 9 * , @ 9 * o * e e * e e * , * @ * e * e 60
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VI, SUMMY

The progress that has been made during this quarter signifies the poten-

tial of the magnesium/magnesium perchlorate system. A reliable magnesium/magnesium

perchlorate battery has been developed to meet the AN/PRC-62 application. A large

advancement was made with the initial launch of the PPS-5 application.

Concentrating on the optimum performance of the PPS-5, the following phases

should have further investigation:

(1) Battery assembly for the PPS-5;

(2) Battery container for the AN/PRC-62 and PPS-5 for final

production;

(3) Continued research on the PPS-5 with emphasis on watt-hours

per pound.
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VII. -CONCLUSIONS

Research data has indicated that production cells and batteries can be

built which perform within the AN/PRC-62 requirement in the temperature range of

-40°F to +1250F. These batteries will perform within relatively close voltage lim-

its at temperatures from -65 0 F to +125 0 F when the discharge load is continuous.

Initial study indicates that cells and batteries can be produced to met

the PPS-5 application. Efforts for the next quarter have been centered around de-

velopLng a battery w.hich will meet the PPS-5 specifications.
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VIII. PROGRA1M FOR~ NEXT INTERVAL

Cell and battery design studies:

a). Cathode blends and mixes,

b). Grid study for PPS-5 application,

c). Battery design for the PPS-5 application,

d). Final assembly of the AN/PRC-62,

e). Development of the AN/PRC-25

The prcram for the next interval will include the phases outlined. The

general program will be directed toward meeting the requirenents of the PPS-5 appli-

cation.
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IX. PERSONNEL

NAME TIT.LE MAN-HOURS

Cupp, E. B. Project Engineer 273

Sharpe, J. R. Design Engineer 512

Morse, E. M. Engineering Manager 37

Dines, J. M. Senior Engineer ?-

McCleary, E. Battery Engineer 215

Gosch, C. 0. Staff Engineer 10

Hodges, K. Technician 52i

TOTAL 1,590
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